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ABSTRACT
This a-eport covers the second quarter of work on the reduction and
analysis of the data from the Lockheed lore-energy particle experiment on
ATS-5. The experiment is continuing in its successful operation and is
providing much new information on the particle environment at synchronous
altitude. Some preliminary results are described on some of the character-
istics of magnetospheric substorms, the properties of the quasi-periodic
particle modulations which are a relatively common featsre of the data,
and the average properties of the ambient plasma.
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SECOND QUARTERLY REPORT
FOR
WCKHEED EXPERIMENT ON ATS -5
(1 December 196n - 28 February 1970)
INTRODUCTION
The Lockheed auroral particle experiment on the ATS-5 satellite has
been operating almost continuously since it was first turned on on 26
August 1969. A large body of extremely valuable data is being acquired
on the morphology of the low-energy particle populations responsible for
auroras. These results are of value both from the standpoint of our
knowledge of the physics of the magnetosphere and fr an the practical con-
siderations that the auroral particles.are often a cause of serious degra-
dation of polar radio communications and heve been shown to have a signifi-
cant effect on the thermal control surfaces of satellites loqated in this
region of the magnetosphere.
The analysis of the data has been proceeding during this quarter, but
progress has been hampered by the fact that we were completely without funds
during almost half of the reporting period. Our personnel had to be trans-
ferred to other projects and then back again to this program when the funds
arrived and a significant loss in efficiency resulted. We understand that
this sequence is likely to be repeated during this quarter and wish to point
out that inevitable waste motion accompanies such oscillations and may re-
sult in our not being able to complete our proposed program with the ava'?-
able funds.
DISCUSSION
Data Processing
As of 30 November 1969 we have received tapes containing significant
amounts of data from about 60 days of experiment operation. About half of
this has been processed, utilizing the programs described in our previous
progress report.
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An additional program has been completed which computes a variety of
ambient plasma properties from the measured count rates. Quantities such as
number and energy densities and fluxes and average energies of both protons
and electrons are computed and plotted on a "slow" time scale similar to that
described in our last progress report.
Data Analysis
Magnetospheric Substorms
Further study of the characteristics of magnetospheric sub:Lorms has led
to some new results which will be reported at the 51st American Geophysical
Union (AGU) Meeting, 20-24 April 1970, Washington, D. C. The paper is en-
titled "Characteristics of Magnetospheric Substorms Observed at Synchron7us
Altitude," by R. D. Sharp, R. G. Johnson, E. G. Shelley and L. F. Smith. The
abstract is included in the Appendix.
Quasi-Periodic Modulations
Numero-s examples of quasi-periodic modulations of the low-energy pa t=
icles have been observed in the data examined to this time. A preliminary
study of their properties will be reported at the 51st AGU Meeting in Washing-
ton, D. C. The paper is entitled "Quasi-Periodic Modulations of A:aroral
Particles Observed oa ATS-5," by E. G. Shelley, R. D. Sharp and D. L. Carr.
The abstract is included in the Appendix.
General Review
A review of the early results from the Lockheed ATS -5 experiment has
been accepted for presentation at the 1970 Symposium on Upper Atmospheric
Current's and Electric Fields, sponsored by the American Geophysical Union,
the Office of Nava? Research, and the Air Force Cambridge Research Labora-
tories, at Boulder, Colorado, 17-21 August 1970. The paper is entitled
"Auroral Particle Measurements on ATS-5," by E. G. Shelley, R. G. Johnson
and R. D. Sharp.
Electron Plasma Properties
A preliminary study has been made of the average characteristics of the
electron plasma properties in the vicinity of the inner edge of the plasma
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sheet. The convection model of the mau-netosphere (Axford, 1969) predicts
that plasma sheet electrons are transported inward from the tail and ener-
gizcd by various processes, e.g., betatron end Fermi acceleration to form
the source of the auroral electron fluxes. One would like to explore this
hypothesis by comparing the plasma properties at synchronous altitude with
low-altitude auroral measurements at this same L value and with the measured
plasma properties deep in the tail in order to ti-,- to determine the location
of the dominant portion of the auroral acceleration mechanism. Ideally, a
body of simultaneously coordinated observations would be desired, but as a
first step one can intercompare separate statistical studies made at the
three locations during periods of roughly comparable magnetic activity.
Statistical studies of the properties of the plasma sheet electrons deep
in the tail have been made by Vasyliun.as
 (1958) and. Hones (1968). The latter
studies based on the Vela satellite at 17 RE are particularly extensive.
They found average number densities of about 0.3 cm-3 and aver >,e energies
about 1 keV. A recent statistical study of the properties of auroral elec-
trons at low altitudes has been made utilizing the data from the polar sat-
ellite 1953-42A from which about 160 crossings of this L shell near local
midnight are available (Sharp et al., 1969).
In order to form a comparable body of ATS data for comparison with these
previous studies we examined the presently available data from the period 28
August through 4 September 1969. During this period the satellite was spin-
ning at a rate comparable to the detector's time constants. They were there-
fore averaging over a.most the entire range of pitch angles. For this pre-
liminary study the electron plasma properties were computed under the
assumption of isotropy of angular distribution.
For comparison with the results from satellite 1963-42A, we restricted
the ATS data to a corresponding local time period and formed 25- second
averages of the outputs of the relevant detectors every 15 minutes in the
two-hour intervals centered arcund local midnight for the available data
from the period indicated. From these results we comFsted the omnidirec-
tional energy flux and the average electron energy. ;sixty-three determina-
tions of these properties were obtained and used to form the overall average
values and standard deviations shown in Table I.
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TABLE I
Omnidirectional
Energy Flux,
ergs/cm2-sec
Average Energy, keV
(number-flux weighted)
ATS -5 (near
local midnight) 13.8 } 2.0 8.2 ; 0.4
1963-42A (invariant
latitude = 68G, near
local midnight)
Northern Hemisphere: 4.5 f 1.0 5.9 f 0.4
Southern Hemisphere: 3.9 f 0.8 5.6 t 0.5
Comparison of ATS-5 data on electrons with energies between
0.65 and 53 keV during the period 28 August to 4 September
1969 with precipitated electrons with energies above 0.08
keV measured on satellite 1963-42A during the period 30
October to 5 November 1963. The indicated errors are the
standard deviations of the mean values.
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In order to compare with the results of the survey of precipitated
electrons from the polar satellite, the number-flux-weighted average elec-
tron energy was computed. This is to be distinguished from the number-
density-weighted average which is the relevant quantity to be compared with
the results of the plasma studies deep in the tail. From Figure 9 of Sharp
et al. (1969) we obta.inei values for the average total precipitated energy
flux at invariant latitude = 68o during the period of that experiment.
This corresponds to the average L value at the ATS satellite at local mid-
night during the period of interest. Under the assumption of an isotropic
angular distribution, these values were rmltip:lied by four to obtain the
corresponding values of the omnidirectional flux shown in Table I.
An average electron spectral parameter was presented by Sharp et al.
(1969) as the fraction of the energy flux in the form of electrons with
energies greater than 21 keV. The equivalent values of this spectral para-
meter for an exponential spectrum with average energy E  were also given.
From Figure 6 of that work we obtained these equivalent average energy val-
ues at invariant latitude = 68o and i.aey are shown in Table I.
Exarination of Table I shows that the average electron energy values
are in good agreement in the two studies. The average energy flax was about
a factor of three higher in the ATS data. We conclude that there is no evi-
dence from this intercomparison for the necessity of postulating an addi-
tional auroral acceleration mechanism operating between the equatorial loca-
tion of the ATS and the ionosphere.
The period of the ATS data analysis was somewhat less active magnetically
than the period of the 1963•-42A
 
experiment. Sharp and Johnson (1968) have
shown that the average energy is less strongly dependent upon K  than the
energy flux, so the former is probably a more reliable quantity for this
intercomparison of data from different periods. In addition, their meas-
ured trend was toward softer auroral electron spectrums with decreased K 
so our conclusion is not likely to be invalidated by the difference in mag-
netic activity between the two periods.
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The dotted histograms in Fig-are 1 show the results of the study by
Vasyliunas (1968) of electron plasma properties deep in the tail utilizing
his data from OGO -3 and some Vela measurements. He obtains about the same
average electron energies as reported by Hones (1968) from the more extensive
study of Vela measurements, and values for number density and energy density
about a factor of 3 higher than given by Hones.
The cross-hatched histograms in Figure 1 show the results of a preliminary
analysis of the presently available ATS -5 data from the period 28 August to 4
September 1969. In order to compare with Vasyliunas' results, we selected data
only from the periods of our "substorm events" when we were presumably in the
plasma sheet. (See the previous progress report for e--amples illustrative of
such events, for example, Figure 5.) No attempt has been made to separate out
those periods when the satellite might have been in the soft inner edge of the
plasma sheet boundary so a possible bias exists toward softer energy spectru-43.
To obtain a small representative sample of this data for a preliminary analysis
of the electron plasma properties, we formed 25-sec and averages of the outputs
of each of the relevant detectors, at 30-minute intervals throughout the sel-
ected periods, assumed an isotropic angular distribution, and computed the
quantities shown in the histograms in Figure 1. In examining the results of
the two studies, we find that the omnidirectional fluxes and number densities
are in close correspondence. The number densities are in even better accord
with Hones' results which, as has been indicated, are a factor of three lower
than found by Vasyliunas. The average electron energies during ;:his period
are seen to be roughly an order of magnitude nigher at 6.6 RE than were found
previously deep in the plasma sheet.
Axford's (1969) model of magnetospheric convection predicts an acceler-
ation of the plasma sheet electrons as they are convected inward. If they
are compressed adiabatically in the presence of strong pitch angle scatter-
ing, they obey the relationship TVY-1 _ constant, with Y = 5/3, V = the
volume which they occupy, and T = the temperature, which is proportional
to their average energy. The volume of a flux tube is roughly equal to its
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length, 2, times its equatorial cross section, A, which is in 4-urn inversely
proportional to B in a solonoidal field. Thus, as their radial distance is
decreased from 17 to (.6 RE, and the magnetic field is increased from about
15Y to about 135y, the average electron energy should inc.... by roughly a
factor of eight. This is consistent with the observations. However, in tae
absence of loss mechanisms, this compression should also result in an increase
in the number density by a factor of 1/V, or about 20, which is contrary to
the illustrated results. We know, however, that less processes are indeed
important on auroral field lines and so the observed low density values at
synchronous altitude are not inconsistent with the convection model.
The principal conclusion from this comparison is that to the ez.tent
that one can compare limited bodies of data taken during different periods,
there is apparently no need to invoke an additional acceleration mechanism,
over and above adiabatic compression, to explain the i,.verage energization
of the auroral electrons. It should be emphasized that this is true on the
average only. Additional pro(..;ses are clearly required to explain the
existence of particles with energies of hundreds of keV which have been
observed in auroral precipitations. However, based on these preliminary
results, these processes do not have a significant effect on the overall
average energy.
The magnetic activity during the period of Vasyliunas' measurements
varied over a somewhat greater range than curing the period analyzed here.
However, a preliminary analysis of the ATS data during the storm of 28-30
September 1969 indicates that the average electron energies on the nightside
were generally in the same range as those shown in Figure 1. We feel, there-
fore, that these results are probably valid over a reasonable range of mag-
netic activity and do not apply to vary quiet times only.
PROGRAM F"' NEXT KEPORTING : KERVAL
We will continue our analysis along the lines outlined in our post-
launch data analysis plan on 15 October 1969.. Areas of particular emphasis
will be 1) the local time dependence of the various signatures of the magneto-
spheric substorms, 2) the morphology of the quasi-periodic particle modulations,
3) vw-lations in the properties of the ambient plasma.
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CONCLUSIONS AND RECOMODATIONS
We conclude that, as expected, the data from the ATS-5 satellite is
turning out to be a rich source of detailed information on the dynamic
characteristics of the magnetosphere.
We recommend that all necessary effort be exercised to insure con-
tinuity of funding.
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For presentation at the 51st ACLU Meeting
Wash., D. C., 20-24 April 1960
QUASI-PERIODIC MODULATIONS OF AURORAL
PARTICLES OBSERVED ON ATS -5
E. G. Shelley, R. D. Sharp and D. L. Carr
Lockheed Palo Alto Research Laboratory
Palo Alto, Lalifornia 94304
ABSTRACT
Several examples of quasi-periodic modulations of protons and electrons
with energies between one-half and several hundred keV have been observed in
the first few weeks' data from the Lockheed auroral particle experiment on
ATS-5. Wave trains of about a half dozen consecutive oscillations with
periods of the order of one minute are most commonly seen. They are gener-
ally most prominent in the lower energy electrons (-- one-half to 20 keV)
and cases with flux modulations of the order of f 50% for specific energy
groups will be described. Examples will be shown of associated electron
and proton flux oscillations which are roughly out of phase.
For presentation at 51st AGU Meet. in
Wash., D.C., 20-24 April 1970
CHARACTERIST= S OF MAGIdETOSPHERIC SUBSTORMS
OBSERVED AT SYNCHRONOUS ALTITUDE
R. D. Sharp, R. G. Johnson, E. G. Shelley and L. F. Smith
Lockheed Palo Alto Research Laboratory
Palo Alto, California 94304
ABSTRACT
The Lockheed auroral particle experiment on ATS -5 measures electrons
and protons in the energy range from about one-half to several hundred keV.
The gross characteristics of these particles observed during several rela-
tively quiet days in September 1969 will be discussed with emphasis on
their behavior during magnetospheric substorms. Large increases in the
electron fluxes were generally observed at local times between midnight
and dawn in association with negative bays observed on ground magnetograms
from auroral zone observatories located at a longitude close to that of
the satellite. The arrival of the low energy electrons (as 1 keV) was
typically observed before the onset of the more energetic electrons (ma 10
keV). The proton fluxes making up the quiet time ring current were usually
relatively constant or showed a broad depression during the period of the
substorms. On some occasions, there was a characteristic "signature" observed
most clearly in the energetic (E > 38 keV) proton fluxes and consisting of an
initial decrease followed by a relatively rapid increase. The time scale of
this feature was the order of one hour. Preliminary -Indications are that the
average electron energies, in the inner plasma sheet during the period of
these observations were substantially higher than have been reported deep in
the tail.
